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66 CAP Identification Number: 8ECAP-0075 R

Pursuant to Category: Il.B.2.b Confains NO CB’ ‘

Title of Study: Mutagenicity Evaluation of R-01

Name of Chemical: R-01

CAS#: 64741-79-3

Summary: The test material, R-01, was clearly mutagenic for bacteria. Tests in cultured mouse cells
for gene mutation, and in vivg cytogenetic analysis with rat bone marrow cells showed weak
or marginal effects only at high dose levels. The biological significance of these increases
is difficult to assess.
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LHTROUUCTION AND BACKGROUD

The Last chemical, R-01, was vwaluated fur its gonetic properties

in a battery of tests consisting of a Lest for mitotic gence conver-
sion in yeast, gene mutation teste in bacteria, gene nmutation tests
in culture mammalian cells and in vivo chromoscre analysis in

rat bone marrow cells. This series of fests provides a scnsitive
wcveen for *he detection of substances which nroduce mutagenic and/or
clastogenic alterations. A high percentage of known mangnalian
mutagens and carcincgens demonstrate aclivity in one « more of

the tests conducted in this evaluation, and positive results in

one or more af these tests are an indication that the test substance
has mutagenic and/or carcinogenic potcitial and that further analysis
to define the limits of expressicn of Lhis potential is warrented.
Negative results in all of these tests suggest that the test material
lacks genetic activity but are not sufticient for an uncguivical
determination of genetic safety.

The assumpticns of mutagenic and carcinogenic potential or lack of
potential are based on correlations between extensive data basis.

MICROBIAL ASSAYS

The test material, R-01, was found to be mutagenic in the Ames
Salmonella/microscme assay. The indicator strains responding

to .he mutagen activity were TA-1537, TA-1538, and TA-98. These
strains respond to various frameshift mutagens. Weak activity
was observed under nonactivation test conditions, but the additicn
of rat liver $9 enhanced the overall activity. Strain TA-100
showed 2 woak resconse in tnz olata fests hut the results ware
only marginal.

MOUSE LYMPHOMA ASSAY

The test material, R-01, was weakly mutagenic for mouse cells.
Activity was observed in both nonactivation and activation assays
with a significant effect seen only in the nonactivation series

of tests. Due to toxicity, high concentrations could not be employed
to develop a good dose response pattern.

RAT BONE MARROW CYTOGENETIC ANALYSIS

The test material, R-01, was not found to induce significant
frequencies of chromosore aberrations in bone marrow cells from

rats treated with 0.5 mi/kg, 1.7 ml/kg, and 5.0 ml/kg. The percent
cells with aberrations was within the norrial spontaneous range at

all data points. The maximum aberration was to 3.2% at the high
dose. The combined percent of cells with aberrations at the A and SC
high dose level of 5.0 ml/kg was slightly higher than the negative
control and all other dose levels but was not significant.
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GEHLRAL INTERPRETATION Al CORCLUSTONS (Continucd)

RAT BONE MARPOW CYTOGERETIC ANALYSIS

Dose Combined Parccent Cells/Mherrations
Negative Control 1.3%
Low Dose 0.9%
Intermedicte Dose 0.5%
High Dose 2.0%

CONCLUSTONS

The test material, R-01, was clearly mutagenic for bacteria. Tests
in cultured mouse cells for gene mutation, and in vivo cytogenetic
analysis with rat bone marrow cells showed weak or marginal effects
only at high dose levels. The biological significance of these
increases is difficult to assess. Using the microbial assays as

a basis to demonstrate DNA and genotoxic potential, the weak
activity of R-01 in the L5178Y mouse lymphoma cells and the elevated
but not significant frequencies of chromosome aberrations in rat
bone marrow cells must be viewed as suggestive of expression of
biological activity in mammalian test systems.
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PART 1
PLATE AND SUSPENSION ASSAYS
EVALUATION SUMMARY

was mutagenic in plate tests employing S.
typhimurium strains TA-1537, TA-1538, TA-98, and appeared sliahtTy
mutagenic in strain TA-100. The positive results were primarily in
activatici assays although weak mutagenicity was also observed in
ronactivation tests. Suspension tests with TA-1538, TA-98, and
TA-100 wera pasitive undar 59 activation conditions.

The test material, R-01,
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SPONLUR: Aot ican Petroleun Insiitare
MATERIAL:  R-0!

SUBICT: FINAL REPORT MUTAGEHLCLTY PLEE ASSAT ANU SUSPE NS TEH AS LAY

boo.d

.

0BJECIVE
The cbjective of tins sludy was to Saluate tre tess compound fov
genetic activity in microbial acsays with and witl oo il addition

of mammalian metabolic activation preparation<.

MATERIALS

A. Test Compaound ;
1. Date Received: February 18, 1977
2. Description: Dark ligquid

B. Indicator Microorganisms

The following strains of indicator microorgansims were used in the

evaluation:
1. Yeast Strain: Saccharomyces cerevisiae, 04
2. Bacteria Strains: Salmonella tyohimurium, strains
: TA-i23% 1A-9%
TA-1537 TA-100
TA-1538

C. Reaction Mixture

The following reaction mixture was emplayed in the activation tests:

Component Final Concentration/ml
1. TPN (sodium salt) 4 umoles
2. Glucose-6-phosphate S pmoles
3. Sodium phosphate (dibasic) 100 pymoles
4. MgCl, ’ 8 pmales
5. KO 33 pmoles
6. Homogenatea 0.1-0.15 m! 9,000 x g

supernatant of rat liver
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2. MATCRIALS (Continued)

D. Tissue Homogenates and Superiuldnt:

The tissue homogenates and 9,000 ¢ g superiutants were prepared
from Spracue-Dawley rats pretreated with Aroclor 1254,

E. Positive Control Chemicals

Table 1 below lists the chemical- used for pusitive controls in
the nonactivation and activation assays.

TABLE 1
PROGABLE
a MUTAGENIC
ASSAY CHEMICAL SOLVENT SPECIFICITY
Nonactiva- Ethylmethanesulfonate Water or Saline [’.PSb
tion (EMS)
Methylnitrosoguanidine Water or Saline BPSb
{MNNG)
2-Nitrofluorene (NF) Dimethy]squoxidec FsP
Quinacrine mustard (QM) Water or saline FsP
Activation 2-Anthramine (ANTH) Dimethy'lsu]foxideC BPSb
2-Acetylaminofluorans Dimethylsu]foxidec FSb
(AAF) » )
8-Aminoquinoline (AMQ) Dimethy]su1foxidec FSb
Dimethylnitrosamine Water or Saline BPSb
~ (DMNA)

3Concentrutions given in Results section
bBPS = Base-pair supstitution

FS = Frameshift
cPrevious]y shown to be nonmutagenic

F. Solvent

Either deionized water or Dimethylsulfoxide (DMSO) was used to
prepare stock solutions of solid materials. A1l dilutions of test
materials were made in the solvent vehicle. The specific solvent
employed is recorded in the Results Section.
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A.

EXPERIMENTAL DESIGH

Toxicity

The solubility, toxicity, and dose 'evels for the test compound verce
determined prior to screening,

The test compound was assayeca for toxicitly Jqqainst hacteria and yeast
indicator strains over 4 wide range of doses tu detcrmine the 50%
xi11ing dose (LDLU). Gacteria were tested in phosphate buffer, pH
7.4. for 1 hour at 37C in a shaker. Yeasts were tested in phosphate
buffer, pH 7.4, for 4 nours at 30C in a shaker. The 50% killing

dose and the 1/8, 1/4, and 1/2 50% killing doses were calculated from
the toxicity assays. For most compounds, the toxicity test system
employed a low amount of Dimethylsulfoxide (0S0) to ensurc solubility
of the chemical at all screening levels,

1f no toxicity was obtained for a chemical with indicator strains, a
maximum dose of 5% was used as the high dose concentration.

The dose levels selected from preliminary toxicity tests were
applied to both activation and nonactivation assays.

Plate Tests (Overlay Method)

Approximately 108 cells from an overnight culture of each indicatar
strain were added to test tubes containing 2.0 ml of molten agar
supplemented wi:h biotin and a trace of histidine. For nonactiva-
tion tests, a minimum of four dose lavais of the test carpound

were added to the contents of the appropriate tubas and paured

over the surfaces of selective agar plates. In activation tests,
0.5 ml of 9,000 x g tissue supernatant and required cofacters

(core reaction mixture) were added to the overlay tubes. At

Jeast four dose:levels of the test chemical were added to the
appropriate tubes, which were then mixed and the contents

poured over the surface of a minimal agar (selective medium) plate
and allowed to solidify. The plates were incubated for approximately
48 hours at 37C and scored for the number of colanies growing

on each plate. The concentrations of all chemicals are given in the
Results section. Positive and solvent controls using both directly
active mutagens and those that require metabolic activation were

run with each assay.
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3. EXPERIMENTAL DESIGH (Continued) |

C. Suspension Tests i
1. MNonactivation

Bacteria and yeast cultures were yrown in complete broth,
washed, and resuyspended in 0,9% saline to densities of

) x 10'C celis/ml and & x 108 cells/ml, respectively, These
constituted the working stoecks for evaluation of the test
compound and the respective controls. Tests were conducted in
24-wall, sterile plastic tissue culture plates (Linbro Chemical
Company). Cells plus appropriate volume(s) of the test compound
were added to the wells to give & final volume of 1.5 ml, An
equal volume of solvent replaced the test compound in the
negative controls. Treetment was at 30C for 4 hours for veast
tests, and at 37C for 1 hour for bacterial tests, All flasks
were shaken on a rotary shaker during treatment. Following
treatment, the plates were set on ice. Aliquots of cells were
removed, diluted in sterile saline (4C), and plated on the
appropriate complete media. Undiluted samples from flasks
containing the bacteria were plated on minimal selective medium
in reversion experiments. Samples from a 107! dilution of
treated cells were plated on the selected media for enumeration
of gene conversion with strain D4. Bacterial plates were

scored after incubation for approximately 48 hours at 37C. The
yeast plates were incubated at 30C for 3 to 5 days before ‘
scoring. i

Bacteria and yeast cells were grown and prepared as described
in the nonactivation tests. . Measured amounts of the test. - :
comeound and the control chemicals plus 0.25 m] of the stock-

cell suspension were added to wells of the Linbro plate can-

taining the appropriate tissue fraction and reaction mixture

(Section 2,C). A1l flasks (bacteria and yeast) were incubated

at 37C with shaking. The treatment times as well as the dilu-

tions, the plating procedures and the scoring of the plates

were the same as described for nonactivation tests.

-
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3. EXPERIMENTAL DESIGH (Continued)

D.  Preparation of Tissuc Homoccnates 2nd 4,000 x g tell Fractior:,

Male animals (sufficient to provide the necessarvy quantities of
tissues) were killed by cranial blow, decapitated, and bled. Organs
were immediately dissected from the animal, using aseptic
techniques, and placed in ice-cold 0.15M KC1. Upon collection

of the desired quantity of organs, they were washcd twice with
fresh KC1 and completely homogenized with a motor-driven
homogenizing unit st %C. The oroan homogenate obtained from

this step was centrifuged for 20 minutes at 9,000 x g in a
refrigerated centrifuge. The supernatant from the centrifuged
sample was retained and frozen at -80C.

E. Data Recording and Reporting

1. Plate Test Assays

The numbers of colonies on each plate were counted and recorded
on printed forms. These raw data were transferred directly to

the report form sheets and entered into a computer for analysis
and printing.

2.  Suspension Test Assays

Following the specified incubation periods, all population
plates were scored by an automatic colony counter and the
results from each plate of a set were recorded, in ink, on data
processing forms. All minimal or other types of salactive
madia plates were hand scored, and the results recorded aleng
with the respective population data. Other relevant experi-
mental data were recorded on experimental definition forms. i
For bacteria strains, the number of colonies recorded from
either the:population or the seleciive plates represents that
number in 1 m] of test suspension'plated. -The numbers-recorded
for the yeast strain D4 represent the number in 0.3 ml of test
suspension plated. The data were then processed and printed
from a computer p:ogram.
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BEST copy AVAILABLE

3 . 1R
Ao Blubi ity Pregerticg o the bent Gienonn
1. NHame cr code desrgnation ot the Lest compound:  w-()]
2. Test solvent:*  [uso
3. Selubility of Lhe tovt compound under Lreatment conditions

Soluble

4, Additional comments: Dark liquid

8. Toxicity and Dosage Determinations for the Test Comuound
1. Tost date for toxicity determination: pacteria - March 10, 1977

Yeast - March 11, 1977
2. The 50% survival level was determined for bacteria and yeast
indicator organisms by conducting survival curves with the
test compound at thc following concentrations:

Percent Concentration (w/v or v/v)

5.0
0.5
0.05
0.005
0.0005
3. Concentratinns of tha test compound used in the mutagenicity
tests:

D S Percent Concentration
Test Doses - - Bacteria ~ Yeast .
1/8 50% Survival 0.0625 0.0825
1/4 50% Survival 0.1250 0.1650
1/2 50% Survival ’ 0.2500 0.3300
50% Survival 0.5000 0.6600

*The concentration of solvent was equal to the highest volume of test
material added.
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BEST COPY AvAILABL £

RESULTS (Continued)

€. Summary of Plate Assay Result
The plate test rewulls are snrarized in Lhe © o0 @G0, The
values presented 1n this table are thoe number S0 reveriants
per plate.

0. Summary of Suspension Assay Results
The suspension assay results for the test compound are currarized
in the two tables following the plate assay results. The
values presented in these tables are the calculated mutation
frequencies for each coantrol and experimental test point. The
first table presents tne results for the nonactivation assays
and the second tible presents the results for the activation
assays. A listing of computer codes and abbreviations is
included far reference. Tabulation of all raw data is providad,

BIONETICS
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vl LSURTAVY C1_PUAIL_ILSTINEULTS LR T T BEST COPY AVA”.ABL

A NAME 07 COPE NISIGHATION nfF IWE TESY cOMPOUND: 00t
B SNLVENT YA 0
e IFS) DATET  ManCH 14, 1977
NWOTE: CONCENTPATTIONS ARE GIVEN IN HICHOLITERS (UL) 10 MICL GRANS (UG) Pra v afe,
.......... GOLLYLE O L AT S P EY L PLA T .ot
rest SPECIES LI1S3VE TYIEET TR TS T% b SRS 7.5-5 5 NI ISUN ¥ T-4/F FU ¥ -0 5 1 DS L L S
Py 2 1 2 1 P4 1 1 2 i
HONACTIYAIIQN
SOLVENT CONTROL - - 24 12 7 t4 13 240 219
PASITIVE CONTAOL®® - - >}o00 »1000 529 1007 21900 »1007
TFST CONPOUNHN
0.00100 UL - .- 3! T - 2% JA 104 132
0.01000 UL - - 32 15 - 18 1h 12 149
0.10000 UL .- - 10 1) - 24 J6 24N 14s
1,00000 UL - - 28 17 31 e 42 327 121
5.00000 UL bl -—— 14 39 60 JA 28 268 1n3
10,00000 UL - - - 40
ACIIYALLOY
SOLVFIT CONTAROL HAT LIvER 32 20 10 1R 17 2% 27 15 193
POTIYIYE CONTROL ene RAT LiveRr 254 262 605 471 A7o0 345
TEST COMPNUND
0.00100 UL nav LIVER n 21 - 17 - 16 - 2?5 192
0.01000 UL RAT | LIVER 42 20 - 19 - 1s - 746 182
g.10000 UL RAT LIVER 7 39 12 40 28 28 - Jio 190
1.00000 UL RAT LIVER 34 83 122 123 197 34 113 jre 215
$S.00M00 UL RAT LIVER 26 40 12 %9 ?22 31 142 271 207
. 10.00000 UL RAT LIVER - 66 - 153 - s2 .
* THY* CONVERTANTS PER PLATE
on TA=-1575 MHHNNG 10 UG/PLATE *e3 TA-1539 ANTH 100 UG/PLATE
TA-1537 QM 10 UG/PLATE Ta-193T7  AMG 100 UG/PLATE
TA-18538 NF 100 UG/FLATE TA-1538  AAF 100 UG/PLATE
Ta-94 NP 100 UG/PLATE . Ta-4a AAF 100 UG/PLATE
TA-100 MNNG 10 UG/PLATE 0 TA~100 ANTH 100 UG/PLATE
2% MHNNG 10 UG/PLATE na OMNA 100 MICROMOLES/PLATE
SOLVENT DMSO 7.5 %/PLATE SOLVENY  DMSO 2.5 I/PLATE

« INDICATES TESY WAS NOT DONE
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BEST COPY AVAILABLE

4. sptee 0y o0 eLalll IESI.BESULIS LITION ALONITICS, INC.

'™ NAME NR CODE DESTGHATICON OF THE TFST COMIPOUNNL P-01

n. SALVENTL  DMSO

C. TFST INITIATION DATED JUHE T 1°7F

HOTE CONCFNTRLTIONS ARF OIVEN [N MICROLITENS (yL) OR WICROGRAMS (UGY PFR PLATC.

L L. _-.,----__.B Y €.p_I.6. u.1.s5..-B-E.8.. -B_t.8.1. r.~_.~_______--_-;_--

1esl SPECIES Y11SSVE JIa=153%. 0 IA §37.. .1a-1%18.. ~-X8=98 - -_IA e J 1 | 3.

. . 1 2 1 2 1 2 1 2 2 1 4

NONACT1YAI1OH

SOLVENT CONTROL - - 13 22 10 18 a 7 30 4 76 19 180 256

PNSITIVF CONTROL®® .- Ll d »1000 >1000 225 200 »1000 »1000 »1000 >1000 536 661 690 807

TFST COHPOUND
0.001000 UL -—- -——- 11 8 12 12 to 7 32 18 12 &7 204 164
0,010000 UL - -~— 10 1 18 8 s 4 29 29 73 79 21% 190
0.100000 WL - ——- 9 11 14 13 i 10 39 28 12 62 180 184
1.000000 VL -—— -——— 1 10 10 14 L} 6 43 39 15 7 199 208
5,000000 UL - - 1 15 3 24 1 L} 69 s3 L) 7% 182 191
10,000000 UL - ——- 114 185

ACIIYRIIQU .

SOLVENT CONTROL RAT LIVER 12 14 25 32 1 20 28 34 96 85 21¢ 231

POSITIVF CONYROL®®® AAY LIVER 96 159 5371 635 »100r »1000 874 >1000 204 199 AR0 480

TFEST COMPOUND -
0.001000 UL RAY LIVER 10 16 25 17 n 15 33 27 95 88 220 194
0.010000 UL RATY LIVER [} 13 19 21 20 14 3t 35 100 97 182 196
0.100000 UL RAT LIVER 11 12 23 2% 12 n 64 83 94 17 142 165
1.000000 UL RAT LIVER 19 14 47 Al 100 116 s9 68 10) 120 189 194
5,000000 UL RAT LIVER 10 12 78 15 154 154 154 19 123 103 147 197

ey 10,000000 Ve, RAT | LIVER S & 1 J41 101 132 232 202 N

- r

e JRYe CONVERTANTS PER PLATE

es TA-1535 MNNG 10 UG/PLATE sen Ta=1535 ANTH 102 UGB/PLATE
TA-1537 OM 10 UG/PLATE TA-1537 AMG 100 UG/PLATE
Ta-15318 NF 100 UG/PLATE TA-1538 AAF 100 UG/PLATE
TA-98 HF 100 UG/PLATE Ts-98 AAF 100 UG/PLATE
Ta-100 MNNG 10 UG/PLATE Ta=100 ANTH 100 UG/PLATE
n4e MNNG 10 UG/PLATE D4 OMNA 100 MICROMOLES/PLATE
SOLVFNT  DHS0 S UL/PLATE SOLVENT DMSO S0 UL/PLATE



LTI BIOHETICS MUTAGINTIS a2TLvltr SYSTEM
REDPORY [ x4

CONRPDUND FRAFOUENCY SUMHARY REPOAT N9/14/117

NONACTIVATION CUMOGLri) Rl

tt

TAl00  TA1S3S  TAISIT TALSIA TA98 nznaD4 000004
ML S HTS H1S H1S s ADE iy
TEST ARG EX-A EX=8 Ex-n Ex-n £X-N Fes £x-%
HAN AV, 4a w.28  15.35  20.39  23.74  2T.17  11.2) CONTROLS
NAP R26.60  ART.O5  960.61  R9.0%  109.47 180,45 124,68
R S SIS S D e emcmmm——— e m——— e ———— e —————— e e ——————— e ——————
Nal 21,07 2.46 §.62 36,36 _ 6.54  2h.30 6429 TEST DATA
NA2 21,07 1.93  10.37 10.8) _ 20.88 27.37 12.91
HAY 14.05 2.51 S.57 9.91  19.85 16.1A 6.77
MA4 34,19 2.50 6.63 18,06 , 21.48 18,26 AL




Lirrae 8
corpaUND
SPECIES
Talohn T4£153%
M1S HIS
TEST NRG Ex-8 EX=A
[l Ael H0.6T 1.17
ACY a-C 47.96 1.98
agr AL 57493 3.66
2 . .
aCT | PLYI  pA9.02  TAD9
PR |
ACT LIl 107,40 2.01
ACTY L2 79.31 3.75
acT LIl T1.04 .08
aCY Lis ST.2} .72

(NNETICS MUTARFHLL ACT{oEY SYGIrH
areont £
FREQUFHUY SuUMMaly ngrant [REAE YRR
SPANAM/RAT CoriraUND R=nd
TA1537T TAl151IA  TA9A n00NNDd 0000DS
wes H1S BEAS ADE TRY
EX-a Ex-A €x-n ExX-% £x-5%
4,32 tiT.70 10.70 12.99% 1.50
1.15 Acbb 13.8% 10,60 1.31
a.0% 6,34 23.12 9,60 1.00
SRR SRS SR L L L L th et
C4).15 335.00 833.11 55,24 50.8)
T.19 25.723 ‘ * 6.1 1.07
A.S1 2440 rO,25 S.6) 2.60
8.9A0 24.75% 68,00 9.27 ?2.06
5,92 9,26 AT.07 4.89 1.2R

NEGATIVE COATAOLS

TEST COMPOUND

el RN PERSISS
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CONCENTRATION . . . .

PCPU .

MUT 3
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DEFINITION CR EXPLAUAIION

Client designated compound number appears in
this column.

NAN = Nonactivation: Solvent Control

NAP = Nonactivation: Positive Contro!l

NA1 = Nonactivation: Test Compound Dose !
NA2, etc. = Reflects the other dose level{s)

A+C = Negative Chemical Control for ACP

A-C = Activation: Solvent Control

ALl AT S Activation: Homogenate Control (Liver)
ALy °F A = Activation: Homogenate Control (Lung)
ACP = Activation: Positive Control

ACT = Activation Test

LI = Liver Tissue Activation Fraction

LU = Lung Tissue Activation Fraction

Kl = Kidney Tissue Activation Fraction

TE = Testes Tissue Activation Fraction

1,2, etc. = Dose Levels

A1l test compound dose levels are expressed as a
whole number followed by an exponent {negative)
identified by the appropriate units.

Example: 0025-2PCT = 0.25 percent concantration

Total number of viable cells in the plating sample
raised -ta some expnnent printed directly below the
abbraviation {e.g., EP + 6 = x 108). o

Tetal number of mutants or convertants obtained from
the sample plated raised to some exponent printed
directly below the abbreviation (e.g., EP + 0 = x 109).
For strain D4, MUT 1 represents the number of ADE+
convertants. '

Only used for strain D4 and represents the .number
of TRY+ convertants in the plated sample.

The calculated mutation or gene conversion frequency
times the negative exponent written directly below.
For strain D4, FREQ 1 represents the ADE+ value.

—
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DATA TABLE TERMS AND ABBREVIATIONS (Continued)

ABBREVIATION
OR TERM DEFINITION OF EXPLANATION
FREQ 2 . . « + « « « . Only used for strain D4 and represents the

TRY+ conversion frequency.

CONIAM . . . . . . . . Prescace of contamination on any plates.

BAF L Lo e 2-Acetylaminofluorene

AMQ . .. .. v. . . 8-Aminoquinoline

OMSO . .« . . . . .. . Dimethx]su]foxide

DMNA . . . . . v e Dimethylnitrosamnine

EMS . . . o o 0 .. Ethylmethanesulfonate

M. ... .. ; . . . Quinacrine Mustard

NF . ... Nitrofluorene

SPECIES . . . . . .. Animal Strains

SPRDAW . . . . . . . . Sprague-Dawley Rats

ICRFLO . . . « . . .. Fiow ICR Random Bréd Hiee

RHESUS . . . . . . . . Rhesus Honkey (Macaca mulatta) o
MIXEDB . . . . . . . .. Dog, Mige_dgreed o ST
NEWZEA . . . . . . .. Mew Zealand White Rabbit

UG . . . . .. ' e e e . Micfogram

] Micromole

1 Adenina

TRY . . . . 0. Tryptcphan
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EXPLANATION OF EVALUATION PROCEDURES FOR PLATE A3SAYS

Plate test data consist of direct revertant colony counts cbtained
from a set of selective agar plates woeded with popultations of.mutant
cells suspended in a semisolid overlay. Because the test chemical
and the cells are incubated in the overlay for 2 to 3 days, and a few
cell divisions occur during the incubation period, the test is semi-
quantitative in nature. Although these features of the assay reduce
the quantitation of results, they provide certain advantages not con-
tained in a gquantitative suspension tast:

. The small number of cell divisions permits potential
mutagens to act on replicating OHA, which is often more
sensitive than nonreplicating DNA.

. The combined incubation of the compound and the cells in
the overlay permits constant exposure of the indicator
cells fer 2 to 3 days.

"A. Surviving Populations

Plate test procedures do not permit exact quantitation of the
number of cells surviving chemical treatment. At low concen-
trations of the test chemical, the surviving population on the
treatment plates is essentially the same as that on the nega-
tive control plate. At high concentrations, the surviving
population is usually reduced by some fraction. Our protocol
normally employs several doses ranging over two or thrze log
concentrations, thaz highast of these doses taing szlactad to
show slight toxicity as datermined by subjective criteria.

B. Dose Response Phenomena

The demonstration of dose-related increases in mutant counts is
an important criterion in establishing mutagenicity. A factor
that might modify dose-response results for a mutagen would be
the selection of doses that are too Tow (usually mutagenicity
and toxicity are related). If the highest dose is far lower
than a toxic concentration, no increases may be observed over
the dose range selected. Conversely, if the lowest dose em-
ployed is highly cytotoxic, the test chemical may kill any
mutants that are induced, and the compound will not appear to
be mutagenic.
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6. EXPLANATION OF EVALUATION PROCEDURES FOR PLATE ASSAYS. (Continued)

¢. Control Tests

positive and negative control assays are conducted with each
experiment and consist of direct-acting mutagens for nonactiva-
tion assays and mutagens that require metabolic biotransforma-
tion in activation assays. Negative controls consist of the
test compound solvent in the overlay agar together with the
other essential components. The negative control plate for
each strain gives a reference point to which the test data are
compared. The positive control assay is conducted to demon-
strate that the test systems are functional with known mutagens.

0. Evaluation Criteria for Ames Assay

Because the procedures used to evaluate the mutagenicity of the

test chemical.are semiquantitative, the criteria used to determine
positive effects are inherently subjective and are based primarily on
a historical data base. Most data sets are evaluated using the
f0llowing criteria:

1. Strains TA-1535, TA-1537 and TA-1538

If the solvent control value is within the normal range, 2
chemical that produces a positive dose response over three
concentrations with the lowest increase equal to twice

the solvent control value is considered to be mutagenic.

2. trains TA-68, TA-100 end D2

If the solvent control value is within the normal range,

a chemical that produces 2 positive dose response over three
concentrations with the highest increase equal to twice the
solvent control value for TA-100 and two to three times the
solvent control value for strains TA-98 and D4 is considered
to be mutagenic. For these strains, the dose respons?
1ﬁ§rease should start at approximately the solvent control
value.

3. Pattern

* Because TA-1535 and TA-100 were both derived from the same
parental strain (G-46) and because TA-1538 and TA-98 were
both derived from the same parental strain (03052), there
is a built-in redundancy in the microbial assay. In general
the two strains of a set respond to the same mutagen and
such a pattern is sought, It is also anticipated that if a

e
1.} BIONETICS
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6.

EVALUATION OF EVALUATIOR DROCEDURES FOR PLATE ASSAYS

p. Evaluation criteria for Ames Assay

3.

Pattern

given strain,

nonactivation tests,

tests., (The

While similar response patterns are not required for all
they can be usod to enhance the reliability of

mutagens,

e.g.,

converse of this relationship

an evaluation decision.

4. Regrodﬁcibi1itx

The preceding
factors may enter

procedure.
evaluation can be

jnitial positive

Relationship Between Mutageni

1f a chemical produces 3 rasponse in a single test that
cannot be reproduced in one or more additional runs, the
1oses significance.

test data

criteria are not absolute and other extenuating
into a final evaluation decision.
these criteria are applied to
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a. As the data

the majority
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recognizad,
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5 EXPLANATION OF EVALUATION PROCEDURES FOR SUSPENSTON ASSAYS

Data obtained from mutagenicity tests are evaluated on a test by
test basis followed by an examination of the total response pattern
using all the data. To facilitote this type of evaluation, we have
prepared two separate formats in which data are processed. The
first is the Compound Summary Bachup Detail Sheet, which dgca1ls

- the essential raw data from each experiment showing surviving
population counts, total mutant or convertant counts, as well as
calculated mutation frequencies. This format permits close oxamin-
ation of each set of test data. The following considerations are
part of any assessment:

A. Surviving Population Counts

[Py

) A certain level of chemically-induced toxicity is anticipated,
- - but occasionally isolated tests or groups of tests show very

, - low (< 25%) survival compared to the tissue controls. Such
}5 . isolated decreases may result from improper dilution pracedures

o or defective growth media and decrease confidence in the
calculated mutation frequencies, especially if the total
mutant counts appear unaffected. Data of this type are generally
unacceptable and these experiments are routinely repeated at a
lower dose level to reduce k$11ing and to increase confidence
- in the nature of the response.

e B

R PV |

8. Total Mutant Counts

b For nonmutagens, ths mitant/surviving pogulation ratio should
ll be roughly equivalent for each test point in a given expariment.
If the cell- number drops in response to kiiling, the mutant

! . number should decrease proportionately. A mutagenic chemical,
.. however ,- will produce -an altered mutaﬁt/survjyianpbﬁﬂlition
ratio. Mutant -numbers as well as calculated frequencies are
. compared to the negative control data. In certain instances,
3 » the .mutant frequencies will increase with littie or no change

: in the absolute number of mutants, especially where the test
chemical is toxic. Data of thi$ type, although not necessarily i
T aberrant, or even rare, must be viewed with special care to

i, ensure that the increased frequencies were not the result of

salective toxicity of the test chemical for the his™ cells.

oo This phenomenon, referred to as selection, can lead to errone- |
; ous conclusions. Thus we attempt to keep the surviving

population of cells high and look for positive responses that

chow increases in both numbers of mutants and mutation frequen-

cies. Again, occasional isolated fluctuations in mutant

counts are found that can be attributed to improper pipetting

or media contamination. These fluctuations are usually easy

to identify by inspaction of the other data points in the

experiment that will be negative.

PURIRORY P U
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EXPLANALTON OF EYALUATION PROCEDURL FOR SUSPERSION ASSAYS {Continued)

A s e

|

C. Dose-Response Pheromena
Dose-related increases in mutants and mutation froquencies are
the most convincing data to have in assessing rutagemc activity i
of chemicals. In some cases, however, dosc-related incredses !
are not observed for mutagens. ihis depends cansiderably on '
the dose levels selected, The figure on the following page
{1lustrates how one might cbtain various types of dose-related :
responses by a mutagen pascd sulaly on dose solection. It
also emphasizes the need to keep dose levels within a celatively
Jow range of toxicity so that data are consistently on the
uphill side of the hypothetical curve.

D. Control Tests

Positive and negative control tests are conducted with each
experiment and consist of direct-acting positive agents for
nonactivation assays and chemicals that require metabolic
transformation for activation ussays. In nonactivation
ascays, the NAN control contains the test chemical solvent
plus cells, but no chemical, and is used as a reference 0 i
assess the level of response obtained in the various tests. ;i
It is not possible at this time to put precise cutoff points |
where negative responses pecome positive responses. A statis- i
tical component for our com.uter program js under development
and will be included when available. Positive controls are
only used as relative reforenca points and to demonstrate that
the system i3 synczioning Wit «nown nuiagens. In activation
assays, three types of negatise controls are rua:
1. A solvent control minus the chemical and minus the activa-
tion system (A-C) e el
2. A cortrol plus the positive control chemical minus the
activation system (A+C), and :

3. A control containing the activaticn system and the test
chemical solvent {ALI or_ALU).

A1l three controls are used collectively to assess the level i
of response in the various activation tests. A chemical may
appear positive when compared to an A-C control, but not when
compared to an A+T control. The value of each of the above
controls with respect to their weight in evaluation is ALI or
AU > A-C > A*C.

BIONETICS
21




7. EXPLANATION OF EVALUATION PROCIOURES FOR SUSPLNSION ASSAYS (Continued)
D.  Contrul Tests

The other data format is lhe Compound Frequency Summary Report
sheet in which all the calculated frequencies obtaired for a
given compound are displayed in a table. This format permits
an gverview of all data. The points form a matrix of informa-
tion that should presen® a consistent patturn, HNonmutagens
should produce a matrix with data frequencies clustered around
the negative coatrol values. Occasional random high or low
fluctuation: are not uncommon and scldom indicate true genetic
activity. Mutagenic chemicals should, on the other hand,
produce a set of consistent responses that demonstrate a
logical pattern. The patterns depend on the mutagenic specificity
of the chemical, but can be easily recognized in the Compound
Frequency Summary Report format.

These mutagenicity assays are designed to optimize the probability

- of recognizing mutagens from nonmutagens, and, in most cases, they
work well. Occasionally, the data points are such that a defini-
tive conclusion cannot be made without additional data.
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Percent
Survival

100
T T
Mutant
Frequency 50
~ o Surviving Po o
—— pU'dtIOn
I i 1
4 5 8
— Dose —»
HYPOTHETICAL - ‘ .
EYFERIMENT OBSERVED DOSE RESPOMSE
(1) Cose 1eve1§ A typical positive dosa response set of
1,2 & 3 were used data would be cbtained.
(2) Dose levels The intermediate dose level shows a higher
2, 3 & 4 were used mutation frequency than both the low dos2
and the high dose. .
(3} Dose levels Here an inverted dosc response would be

3, 4 & 5 were used

observed with the highest dose leve
the lowast response.
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UTAGENTC ACTIVLITY GYSTEX

afpont EXRIY LITION NIONCTICS M
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CONTRACT AMPETRINST PROJECT 2525
£XPERTMENT 709104 artecton Talon SPECIES / DATE = 09718777
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COMPOUND 1687 1D conc:mnnmn gpets FPeO gEp-A CONTAM
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NAP FHS 0.,064% [(RA R 3702 526,60 0
i R-01 HAL 000S-1 PCT. o707 0149 21.07 )
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R-01 NAA 0675-4 PCT. pars 0313 34419 0
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RFPORY EXRIY LITTON RIONETICS MUTAGENIC ACTIVITY SYSTEM

COMPOUND SUMMARY DACKUP DETATL

CONTRAGT AMPETRINST

PIOJECT 2529

FXPERTHKENT 709401 NETECIOR TalSAS SPECIES /

L1121:} POPY  HUTL FREAQ)

caMpounn  TEST LD COMNCENTRATION - EPesA  FPe0 £EpP-8

MAN SOLVENT 049‘2_ ‘,9026 8.28

Hap FMS 0.2% on'nll ;5790 667,05

R-01 NA) 000S-1 PCT, n2ns .0001 2.46

R-01 NAZ nosS=2 PCY, nsm 0010 1.93
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HEPOAT EXAII LITYON DIONETICS MUTAGENIC ACYIVITY SYQTFM
COMPOUND SUMMARY RACKUP OETATL

CONTRACT AMPFTRINST FHOUFCT 2§25

EXPERIMENT 707582  NETFCTOR TA1SI?T  SPECIES ’
oRG POPY  HMUTY FREQ)

COMPOUND TEST ID  CONCEMIAATION EP+& EP+0 EP=p
NAN SOLVENT ‘1029 o01sa 15,35

1ap aM 13 uasMy 00331 0317 960,61

R-01 a1y 000S~1 PCT. osw"' s029 5.62
R-01 NAZ 0o2s-2 PrY, 0sn2’ noso" 10,37
R-01 Na) 0125-3 PeT, os10 003s 5.57
=01 A4 0625-4 PCT, 0400 "on:zf 5,63

i

DATE ~ 29/14/717

CONTAM
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COMPOLUND

CONTRACT AMPETRINST
EXPERTMENT Tnotop

TFSY

NAN
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NAl
NA2
NAJ

NAS&
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LITTON ATONETICS MUTAGENIC ACTIVITY SYSICM
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RFPORY F£XRI) LITYNN RIONETICS NUTAGENIC ACTIVITY SYSTEM

CONTASCT AMPETRINST

EXPERTMENT 714201

H ORG
COMPOUMD  TEST O
NAN
! ' Nap
; ' R-01 NAY
R-01 NA2
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TRV L PR P

PO

DETECTOR 0NOOD4

CONCENTRATION  EPes

SOLVENT
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CONTRACT ANPFTRINST
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L
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1168
l]7?
w32
150]
1640

1603

LUAS
rPeg

ons7y
0506

0672

4813

1001
1192
1165

09y

FREQ]
Ep-8

60,67
AT.96
57.93
Jag,02
107.40
79.31
T1.04
$7.21

DATE

CONTAM
0

0

- 09/14717



BEST COPY AVAILABLE

an i

REPORY EXAN] LITION NIONTZTICS MUTAGENIC ACYIVITY SYSTEM
COKPOUND SUMNANY NaCKUP DLTALL

CONTRACT AHPETRINSY PROJECT 2525
FXPERTMENT 713201 NETECTOR TA1S3S SPECTES SFRDAW/RAT DATE ~ 0%5/14777
ORG POPU  MUT| FREQ]
COMPOUMD  TEST 3D CONCENTAATION EPsf EPe0 £P-8 CONTAK
AeC DMN 90 UN/ML 1073 0034 3.17 [}
A=C SOLVENT . Q%42 on1o 1.98 ]
st T1SSUE 081S 0030 3.68 0
ACP LI DNN 90 UM/NL  0AS2 0485 74.39 0
Q-ut ACT LIl 6005-1 PCT, 2735 ools 2.03 0
n-01 ACT L12 0025-2 PCT. 0827 0031 .75 0
R-01 ACT 13 a125-3 PrT, 0867 00s2 £.84 0
R=-01} ACY LIa nA28-4 PCT, 0107 .0030 1,72 0

e e




. BEST COPY AVAILABI

LETQRY Famvy LITTON nianfFtjcs MUTAGINIC ACTIVITY "¢ 7T H
CONCOUHD SUMITARY QACKIP D TA T

CONTAACT AHPLIRINST SenJECT 2975
FYRERIMENT 7173202 DETECICR TAIS)T SPECIFS SPIne A s HAY DATe - 09/1a7 27
oRrG POBY MY FRED!
COMPOUND  TFST D COMNCEMNTRATION €Re6 [P0 £EP-n CONTAU
AL AMO 333 UG/ML 2546 011D 6,32 "
A=C SOLVENT . 2730  00n6 3185 n
(181 T1SSUE 1243 0100 A.05 0
ACP LI AMO 333 UG/ML 1633 nR72 41.15 0
R=-01 ACY LIl 0no005-1 PCT, 2015 0144 7.15% 0
R-01 ACT L12 o025~? PCT, 1622 013A A.S} 0
R-01 - ACT  LI13 o0125-3 PrT, 1447 0130 A.98 0
R=n) ACT LIa 04A25-4 PCT, 1858 otto 5.92 0

eyt PP




s

TEPCORT (03]
COANTRACT
FXAP[ATHENT T7152€1

oha
CAMPOUND  TEST D

Al

4=C

ALl

ACP Lt
H=n01 aCtT LI}
A-01 ACT LI?
R-01 ACT L1]
CELR ACT  L1a

COUPAYRD SUMMaRY
ANPETALINST
OFTECTOR TAlS]8
CONCFNTRATION
ANTH 67 UG/HL
SOLVENT
TISSUE
ANTH 8T UG/ML
0008~-1 PCT,
002%-2 PCT.
0125=3 PCY,

0a25-~4 PCT,

LITiCH RIORCTICS WRUTAGENTC ACTIVITY
TACKUS DT

TYSTEH

PROVECT 292%

SPECICS S IDAW/RAY

POPII
£Peh

0791

1406

1ere.

0697
064G
0630
05940

129¢

MUTY
CPen

091

0066

-00nA

2315
6161
0155
0146

0320

FAEQ]
P-8

117.78

J35.01
25.21
24,60
24.75%

Q.26

BEST COPY AVAIL,

PATE

- CO/LA/TT

CONTAM

?

2

ACES MRV R AL TS o WA TN AR EL T LT 0P S e M7




cee e s - [ O mmr N e s o b e - PR

BEST copy AVAILAL .

REFOART CXP33  LITTON NIONETICS MUTAGENIC ACTIVITC SYSTEM
COMPOUND SUKMALY RACKUP DETatt

CONTRACT AMPETYRINST PROJECT 25235
FXOERIMENT 711199 DETECTQR Ta9n SPECIFS G 'ROAW/NAT DATF - 00/147177
oRG PORY  MT) rreel
couppunn  TEST D CONCENTRATION EPrs CPeg cr=n CONTAH
A+C ANTH 6T UG/ML 1513 0164 10.70 n
A=t SOLVENT : 1144 0150 13.A1 0
ALt T1SSUE L0624 0140 23.72 0
ACP L1 ANTH 67 UG/Mi 0531 20834 $33.71 0
R-01 ACT LI o000S-1 PCT. 0516 0483 90,11 0
R=01 ACT LT2 0025-2 PCT. 0521 0465 89,25 ' 0
R=01 ACT LIX o0125=3 PCT, 05A9 0401 68,08 o
R-01 ACT L14 0A25-% PCT, 0526 0450 A7.07 0
T
o -
w
e e e RS

R R TR M= e e T S

[ CPEN —




hEPORY FXRJY

f

COMAGUND SUMMARY narcxyp neErat

LITTON RIONFTICS NUTAGENIC ACTIVITY SYSTEM

BEST CO

e e T ey -

PY AVAILABLE

CONTRACT AMPETRINST PHOJECT 2625
FXMERTHENT 7)9501 DETECTOR 0000P4  SPECTES SPADAw/RAT DATE ~ 03/14/77
0rG POPU MUTL  Xii12  FREQL  FREQZ

CoMBauND  TFST mn CONCENTRATION FPe&s EPo) Fesl Fp-5 EP-5 CONTAM

Lt DHMN 90 UM/ML 0A6S 0112 oul) 12,95 t.50 4

i-C SOLVENT 0840 0NA9 00!t  1n,6n 1.31 0

att TISSUE 0802 0077 o0nun 9.60 1.00 0

ACP LU DMN 90 UM/ML 1021 " 0564 0s19 w624 $0.83 0
Renl ACT LI! o6o0&6-2 PCT, 1175 ' no72 0022 6013 1.87 0
R-01 ACT L17 0033-2 PCT, 1421 " noso  noav $.63 2,40 0
neot ACT LI) o0165-3 pPeT, OAT4 ! 0081 onyg 9.27 2.06 0
R-01 ACT L14 0A2S-a PCT, 0941. 0046 No012 4.89 1.2 0
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PART 11
HOUSE LYMPHOMA ASSAY
EVALUATION SUMMARY

The test substance, R-01, produced increases in the mutant
frequencies at the high concentrations in both the nonactivation
and activation tests, the only significant evidence of mutagenicity

in this test was the data from the nonactivation high concentration.
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SPONSOR: American Petroleun Institute

MATERIAL: R-O1

SUBJECT: FINAL REPORT L5178Y MOUSE LYMPHUMA MUTAGERTCTTY ASSAY
1. OBJECTIVE

n--T-g

The objective of this study was to evaluate R-01 for specific
locus forward mutation fnduction in the L5178Y Thymidine Kinase
(TX) mouse 1ymphoma cell assay.

MATERIALS

A.

Test Compound
1. Date Received: February 18, 1977

2. Description: Dark liquid

Indicator Cells

The Fischer mouse lymohoma cell line used in this study was
derived from L5178Y, The cells are heterozygous for a specific
autosomal mutation at the TK locus and are bromodeoxyuridine
(BUdR) sensitive. Scoring for mutation was based on selecting
calls that have undergone forward mutation from a TK#/- (0 2
TK-/- genotype by cloning them in soft agar with BUCP

The cells were maintained in Fischer's Medium for Leukemic
Cells of Mice with 10% horse serum and sodium pyruvate.
Cloning medium consisted of Fischer's medium with 20% horse
serum, sodium pyruvate, and 0.37% agar. Selection medium was
made from cloning medium by the addition of 5.0 mg of BUdR to
100 m1 of cloning medium,

Control Compounds

1. Neagative Control

The solvent in which the test compound was dissolved was
used as a negative control and is designated as solvent
control in the data table. The actual solvent is listed
in the Results Section.

,fj BIONETICS .

38

b

PEEEY
v~
S ateiom et Rt

e o« botre e AT A" 5 W o e T
RSP SRS U
L AR MTeaie e S Aaa s

RO

ey

oy ——
‘




—r - o

2. MATERIALS (Continued)

D.  Control Compounds

2. Positive Controls

|
I
]

Ethylmethanesul fonate (EMS), which nuuces muLa@ion by base-

pair substitution, was diwcolved i e tiure mgduum anq !

used as a positive control for tle nonactivation studies

at a final concentration of 0.3 1/ml.

Dimethylnitrosamine {OMN), which requires metabolic biotrans-
formation by microsomal cnzymes, was used as a positive con-
trol substance for the activation studies at a final con-
centration of 0.5 wl/ml.

3.  EXPERIMENTAL DESIGN i

A. Toxicity

The solubility, toxicity, and doses for all chemicals were deter-
mined prior to screening. The effect of each chemical on the
survival of the indicator cells was determined by exposing tihe
cells to a wide range of chemical concentrations in complete
growth medium. Toxicity was measured as loss in growth poten-
tial of the cells induced by a five-hour exposure to the chemi-
cal followed by a 24-hcur expression pariod in growth medium.

A minimum of four doses was salected from the range of concentra-
tion by using the highest dose that showed no loss in growth
potential as the penultimate dose and by bracketing this with

one higher dose and at least two lower doses. Toxicity produced L 1k
by chemical treatment was monitored during”;he_expgtjment. . .
B.  Assays

1. Noﬁactivation Assay

The procedure used is a modification of that reported by
Clive and Spector (Mutation Research, 31:17-29, 1975).
Prior to each treatment, cells were cleansed of spontan-
ecus TK-/- by growing them in a medium containing thymi-
dine, hypoxanthine, methotrexate, and glycine (THMG).

This medium permits the survival of only those cells that
produce the enzyme thymidine kinase, and can therefore
utilize the exogenous thymidine from the medium. The test
compound was added to the cleansed cells in growth medium
at the predetermined doses for five hours. The mutagenized
ce]]s were washed, fed, and allowed to express in growth
medium for three days. At the end of this expression period,
TK-/- mutants were detected by cloning the cells in the
selection medium for ten days. Surviving cell populations

were determined by plating diluted aliquots in nonselective
= growth medium.
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EXPERIMENTAL DESIGN (Continued)

B.

Assays
2. Activation Assay

The activation assay differs from the nonactivation assay in

the following manner only. Two milliliters of the reaction
mixture were added to 10 ml of growth medium, The desired
number of cleansed cells was added to this mixture, and

the flask was incubated on a rotary shaker for five

hours. The incubatior period was terminated by washing

the cells twice with growth medium. The washed mutagenized
cells were then allowed to express for three days and

were cloned as indicated for the nonactivated cells,

Preparation gf_Q,OOO Xxg Supernatant

Male random bred mice were killed by cranial blow, decapitated
and bled. The liver was immediately dissected from the animal
using aseptic technique and placed in ice-cold 0.25M sucrose
buffered with Tris buffer at a pH of 7.4. When an adequate
number of 1ivers had been collected, they were washed twice
with fresh buffered sucrose and completely homogenized. The
homogenate was centrifuged for 20 minutes at 9,000 x g in a
refrigerated centrifuge. The supernatant from this centrifuged
sample was retained and frozen at -80C until used in the acti-
vation system. This microsome prenaration was added to a
“core" reaction mixtura to form the activation systam described
below:

Componant . . e .'._' LT

Finaj Concentration/ml

. TPN (sodium salt) =~ 77T TR g imoles
2. Isocitric acid 35 umoles
3. Tris buffer, pH 7.4 28 umoles
4. MgCl, 2 umoles
5. Homogenate fraction equivalent to
25 mg of wet tissue
Screening

A mutation index was derived by dividing the number of clones
formed in the BUdR-ccntaining selection medium by the number
found in the same medium without BUdR. The ratio was then com-
pared to that obtained from other dose Tevels and from positive
and negative controls. Colonies were counted on an electronic

colony counter that resolves all colonies greater than 200 micrens

in diameter,
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4. RESULTS i
The data presented in the following table show the concentrations
of the test compound employed, the number of mutant clones obtained, _
the surviving populations after the expression period, and ithe 1t 1
calculated mutation frequencies. ,
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. \. DANE RICONE DESTOHATTON LF IHE 18451 CanpQuNdt -3
KN sopveatt DMso
o THeT DAalfL ARWIL 12e 1977
anter concLMHTRATIOnRS AWk OIVEN 1N MICROLITERS (UL) MR HILIHCHRANS (UGY OR NANOLTTERS (He) »r? “ILLILI I OR,
RELATIVE KULAT v
SUSPENSTON CLEmTr PENCH T “prant
5.9 NDAILY COUNTS GROwTH (% MUTANT vianLl EFFICTIetY RELATIVE  FH{QUENCT®e
1LsL TIsSUE  SQURCE .JCLLthEL_i_lﬂﬁhl__ ur_goulioll fLuLts CLOULS (3_0F_COuIRQLL  GBuslde. 15 1ob=4lo_
1 ( 4
BUuACLIYALILN
SOLVEHT CONTRUL - bkl 1h,8 10,0 10,0 100,0 59.0 J1t.0 100.0 j00.0 g9.1404
HEGAT[VE CONTHOL - .- 10,6 1145 12,3 130.5 67.0 f05.0 66,) 46,4 0, 4260
Bits 08 1UL/Me - - St .t 10,8 w7 113.¢0 1i6.0 30,8 15.1 D.991¢
tLST COoMPaLINY
0,02000 UL/ML —-- L 17,4 9.0 17.9 132, 126.0 200,09 ol.l 84.6 "R 1-Yd
0.,00000 UL/ML - e 8,b 1S.6 15.2 103.% 45,0 $23.0 16P.7 116,86 0.1261
0.0R000 UL/ML .- - 17,0 B8 13.48 102,46 95.0 204,0 6h.8 7.6 TIRCYEY
0,16000 UL/ML - - 7.0 13.2 12.6 51,7 60.0 292.0 8l.J Gl 0,236l
0.32000 ULZML - - 3,¢ 5.0 1,0 S.6 233.0 168,0 S4,2 3.0 1.3804
alTlvallay
SOLVENT CONTHOL MOUSE LIVER 17,6 9.l 14.0 100.0 910 327.0 100.0 10040 0,2143
DM .3 uL/ML MOUSE LIVER 9,3 6. [ 7] 16,4 102.0 25.0 Te6 1.3 “, 0800
TEST COMPOUND
0.072000 UL/ML MOUSE LIVER 110 11.6 12.8 109.0 85.0 265.0 81.0 8R.3 0.3208
0.,064000 VIL/ML MOUSE LIVER 11,8 12,4 13.0 A2,.) 57.0 «l6,0 126.6 104.0 0, 1317
G, 0ANAD YIL/ML moust  LIVER 11.2° 16,6 Y.y T7.1 13,0 2h6.0 81.3 62,7 60,3370
0,164000 UL/ML MOUSE LIVER 13.4 1.2 1.0 54,2 62,0 454,0 138.8 15,2 0.1364
9,12000 UL/ML MOUsSE  LIVER S.6 13.2 V1.6 37,0 102.0 212.0 ba,d 264.0 0,6H]1

®  (WFLATIVE SUSPENSION GHOWIH X WFLATIVE CLONIHG EFFICIENCY) / 100
s (MUTANT CLONES / VIAHLF CLONES) X 1ot ~4
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CRITERIA USED IN THL EVALUATION

Several criteria have been established which, it met, provide a

hasis for declaring a material genetically active in Lhe Mouse
Lymphoma Assay. These criteria are derived from 4 historical data
base and are helpful in maintaining uniformity in nvaluations From
material to material and run to run. While these criteria are
reasonably objective, a certain amount of flexibility miy be required
in making the final evaluation since absolule criteria may not be
applicable to all biological data.

A compound is considered mutagenic in the Mouse Lymphoma Assay if:

a. A dose response relationship is observed over three of the
four dose levels employed.

b.  The minimum increase at the high Tevel of the dose response
curve is at least 2.5 times greater than the selvent control
value.

¢. The solvent control data are within the normal range of the
spontaneous background for the TK locus.

A1l evaluations of mutagenic activity are based on the concurrent
solvent control value run with the experiment in question, Positive
control values are not used as reference points, but are included

to ensure the current cell population responds to direct and
promutagens under the appropriate treatment conditions.

Occasionally, a single point within a concentration range will show

an increase 2.5 times greater than the spontaneous background, If

the increase is at.the high dose, is reproducible, and if an additional
higher dose ievel s not feasible because of toxicity, the chemical
can be considered mutagenic. If the increase is internal within the
dose range and is not reproducible, the increase will normally be
considered aberrant. If the internal increase is reproducible,

several doses clustered around the positive concentration will be
examined to either confirm or reject the reliability of the effect.

As the data base on the assay increases, the evaluation criteria
can be expected to become more firmly established.
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PART 111
RAT BONE MARROW CYTOGENETIC ANALYSIS
EVALUATION SUMMARY

The test material, R-10, did not produce significant clastogenic
activity in rat bone marrow cells. The rats were exposed by
acute and subchronic administration of the test material.

. —




§ e e I & g 1

SPONSOR.  American Petroleum Institute

MATERIAL: R-01
SUBJECT: FINAL PEPORT

Rat Bone Marrow Cytogeaetic Analysi
1. OBJECTIVE

The purpose of this study was to evaluate the chromosomes of bonz
marrow cells from R-01 treated rats for genetic aberrations.

2. MATERTALS

A.  Test Compound’
1. Date Received: February 18, 1977

2. Description: Dark liquid
3. OVERVIEW AND RATIONALE

One means of detecting chemically-induced in vivo genetic activity

is to examine mitotically active cells that have been arrested at
metaphase for structural changes and rearrangements of their chromo-
somes. The occurrence of such chromosome aberrations correlates well
with the administration of known chemical mutagens to the animals,

and thus can serve as an iadicator for possible mutational events

and the compounds that induce them. Rats were treated with one of three
dosage levels of the test compound or a positive or negative control
substance both on an acute and 2 subchronic schedule. Acute study

rats were killed &, 24, and 48 hours after treatment, and boa= marcow
spreads prepared. Subchronic study rats were killed six hours after

the last dose was administered and the borce marrow removed anc processed
like the acute dose.
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4.

EXPERIMENTAL DES 16N

A.

Animal Husbandry

Male rats, ages 10 to 12 weeks old, from a random bred closed
colony were purchased from Charles River Laboratories and used
in the cytogenetic experiments. These rats were housed five

to a cage and offered a commercial laboratory chow (peltet) diet
(Purina) and water ad libitum. These animals were quarantined

ard observed for 10 days prior to being used in the experiments.

Personnel handling the animals or working within the animal facility
wear suitable protective clothing, gloves, and face masks. When
appropriate, individuals with respiratory or other overt infections
were excluded {rom the animal facilities.

Acute Studies

Figure 1 shows the design of the test. Fourty-five animals were
desed acutely with the three levels of the compound. The remain-
ing 14 animals were used as controls.

Two hours prior to being killed, the animals were injected with
4 mg/kg of colchicine to arvest dividiug cells in metaphasc.
These animals were killed with CDp 6, 24, and 48 hours after the
compound was administered and the bone marrow aspirated from the
canals of the femurs and tibias of the lower limbs. The marrow
plug was transferred to Hank's balanced salt solution and the
cells pelleted by centrifugation. The marrow button was resus-
pended in 0.075 M KC1 by repeated pipetting during a 10-minute
incutation at 37C. Centrifugation was repeated and the marrow
button resuspended in Carnoy's fixative. Fixative was changed
after one-half hour, and the cells were left in fixative over-
night at 4C.

Slides were prepared by dropping cells from the fixative onto a
glass slide and air drying che slide. Spreads were stained with
5% Giemsa at pH 6.8.

Slides were coded aud searched for metaphases according to a
standardized pattern. Fifty spreads were located for each
animal and when of suitable quality, the chromosomes were counted
and evaluated for the presence of abnormalities.
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BAL BONE HARROY CYTOGIIETIC ANALYSLS
NUMEEIC OF ANTHALS 051D

ACUTE STHDY

TREATHENT NUMBER OF ANTMALS KILLED
) 8. 24, AMN 48 NOURS AFTER DOSING
6 loure 24 Nours 48 Noury

Agh Levet b] 5 3
"Intermcdiate Level 5 5 3
* Usage Level 5 3 5
“lraltive Controls - 5 -
Nepative Cantrcle S b S

susciroNLC stuntes

ANIMALS KILLER 6 NOURS AFTER TAST EXVOSiRE

TREATHENT WUNBER OF ANTMALS KILLED
AT TERNINATION
fitgh tevel

Intermudiate Leovel
Usage lvel '

LT NV NV

Negative Controls

| * Pestrive controls will not be utilized {n subehronte studlen {f acute studien

are conducted since the posttive

controla are admin{stered an an #cule one-time
dosape basis only, TFM {0.3

me/kg) 18 used as A positive contral substan: -
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EXPERIMENTAL DESIGN (Continned)

C.  Subchronic Studic:
Figure 1 also shows the overall scheme of the subchrontce
studies. FEighteen animals were used in this study.  They were
dosed with the three levels of the test compound and the
control compounds as indicated, once ecach lay for five days.
All animals were killed six hours after administration of
the last dose. Two hours prior to being killed, the animals
were injected with 4 mg/kg ot colchicine to arrest dividing
cells in metaphase.

The bone marrow was removed from the animals and processed
exactly as indicated for the acute study.

D. Control Compounds

The negative control compound consisted of the solvent vehicle
for the test compound. It was administered to the animals in
doses which were equivalent to the maximum amount given tne
experirental animals.

Triethylene melamine (TEM) at 0.3 mg/kg was used as the
positive control substance. It was given in an acute dosage
for 24 hours prior to killing the animals.

E. Dosage Levels

Based on a preliminary dose range study, a series of doses were
selected. The material was administered by oral gavage at 0.5 ml/kg,
1.7 ol/kg, and 5.0 ml/kg. Corn oil alone was administered to the
negative control animals at 5.0 ml/kg. No significant toxiecity

was observed except at the high dose level of the subchronic admin-—
istration.
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DATA COLLECTION

The test compound was evaluated in the rat booe wmarrow cylopenctic
assay under both acute and subchronic schiedules.  Boue marrow

cells from animals treatcd with the test and control substances

were evaluated for the presence of chromosome aberrations. Breaks,
gaps, fragments, and chromosome rearrangement figures were all
recorded on the standard record shcet along with the number of
contromeres scored in each spread and the coordinates of the
microscope stage which identify the position of the aberration.

These records are attached in the Appendix. Fifty cells were

located and scored with a 100X objective for each dose level. In

the event that 50 suitable spreads could not be found on onme slide
then additional slides labeled B, C, D, etc. were prepared from the
original f.xed marrow material and these were searched. In some
cases, the material dosed to the animals appeared sufficicntly

toxic to the cells to prevent scoring 250 cells per animal and

in other cases the colchicine appearcd to be ineffective in arresting
the cells. These slides/animals are identified in the slide code/animals
list and on the raw. data sheets appended.

RESULTS

The data have been collected from’fhe raw data sheets and tabulated
in summary form in Table 1.
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TABLE )
A SUMAAIY Ut THE CYTUGENEYIC ARALYSIS OF R-01 1N RAT QONE MARROW

Type and frequency to. of Cells Ho. of Animals

Uose Kih HNo. of  Unique Total Ho. of Aberrations = Hith Oue or More Without HitoticS
Treatment (mg/hy)  Time (hrs)? Antmals Anlng) to.” of Cells Structural Nuwerfcal Aterrations _Aberrations [ndex
liegative Corn 01} A 6 br 5(0) 16-20 250 b, dah - 2 (0.8Y) 1 4.5
Contrul A 22 hr 5(0) 16-40 212 jtb Apy 5 (2.42 2 5.0
A A8 hre 4(1) 61-65 134 VTt Tpp 3 (.91 ? 6.2
SC 6 hr 5(0) 81-85 22) - - 0 {0.01) 5 5.0
Triethyl 0.5 my/kg A 24 hr 5{0) q1-4% 182 15tLL, 150, - 54 (29.71) 1 1.5
M laniine 111.9af At,
52, 2u4r, 2,
A1d, idicentric
R-01 0.5 wl/kg A 6 hr AlY) 11-15 155 2f - 2 . 1.31) k] 2.7
A 24 e 4(1) 31-35 200 - - 0 (u.u1) 4 6.1
A 48 Wr 5(0) 56-60 183 1tb ipp 2 (1.11) 4 5.0
$C 6 hr 5(0) 76-£0 250 2tL - 3 (1.21) k] 5.4
r-0% 1.7 mijkg A G hr 5{0) 6-10 250 1f,1tb - ¢ (0.42) ki 6.5
' A 24 hr s{0) 26-30 250 - - 0 50.01) 5 7.5
A 48 hr 5(0) 51-55 250 2tb - 2 {0.81) k| 8.4
SC 6 hr 5(0) 1n-75 250 laf - 1 (0.4%) 4 4.2
R-01 5.0 ml/kg A 6 hr 4(1) 1-5 157 4f 1af - 5 {3.21) } 4.6
A2y hr 4(1) 21-25 200 1tb,If ipp 3 (1.5 2 7.2
A 4B Lr 5(0) 46-50 25 1th tpp 2 (0.81 3 7.0
SC 6 hr 2(3) 66-70 15 1f,1ud - 2 (2.61) 0 2.9
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|‘ |
4Time of death after dosing. ?
bRefers to the 1, 2, or 3 digits following the hyphen in the Cytogenetics i
Exp. No. on the raw data sheets in the Appendix i i
it
Cgased an a count of at least 500 cells per animal. i i
dNumbers in ( ) are animals for which less than 5 metaphase spreads BN
were found, |
Any of the following abbreviations may be used in the summary tables: §
f = fragments
af = acentric fragment (2 tid)
Im = large metacentric Ve
pp = polyploid ‘ li
tb = chromatid break i'
sb = chromosome break J
d = dicentric 1
r = ring L
t = translocation {4
qr = quadriradial X
pu = pulverized chromoscme
cr = complex rearrangement
> = greater than 10 aberrations
tr = triradial
td = chromatid deletion
sd = chromosome deletion
c¢f = centric fusion
s1 = slide lost or broken
min= minute chromosome
SC = subchronic
A = acute
|
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TABLE 2

RAT-hne™ v 7,
TENTOL S IC .
HISTORIC NHEGATIVE COUTHOL BATA

Y'YP[ OF ACUTE - SULACUTE
ABBERATION ¢ uTEIT AR RITT HOMTINT b TRTXILT
ne. % fo. 1 o, z Ko z
Chromatid Caps 53 0.92 13 0.22 1 0.50 93 0.82
Chromatid Bresks 3 0.54 45 0.75 47 0.7¢ 61 0.95
Chromosome Gaps 1 0.97 ) 0.05 ) 0.05 5 0.08
Chromosome Breals [¢] 0.0 | 0.02 q 0.06 3 0.93
Fragments 4 0.07 | 0.02 z 0.03 4 0.06
Acentric Fragments 1 0.02 q 0.07 1 0.02 0 0.0
Other Aberrations 1 0.0¢ 6 0.10 ) 0.02 ) 0.06

Percent Cells

Uith Aberrations 94 1.62 7 ).21 91 1.4¢ 129 2.0
37 0.64 57 n.9% 55 0.88 71 1.10

Total Cells Scored 5785 6010 6227 6436

Approximate Nusber

of Anfmals Scored 122 122 130 131

‘Compﬂed from several s:ulies using Sprague-Dawley Rats with various solvents. No significant
difference was noted amony solvents and the data were pooled. These data were collected over the
perfod 1972 - 1977.

b(inps {ncluded.

Cayss excluded. This it the value noreally employed in evalugtion decisions. Gaps are not coneldercd
o5 herd cviduence ol ¢lus ugenic effects unless found in extronely high percentages.
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GUIDELINES USED [N EVALUATING CYICGRETIC LATA

A number of geueral guidelines has been establisticd To qerve o5
an aid in determining the meaning ot hope mariow chiososomal
aberratious.

A.  General

Basically, we were trying to establish whether a substance

or its metabolites can interact with chromosomes to produce
gross lesions or changes in chromosome numbers, and whether
these were of a type which can survive more Lhan one mitotic
cycle of the cell. The assay design was such that bone
marrow samples were taken at 6, 24, and 4B hours after an
acute administration of the compound. Since the cell transit
time for bone marrow was 20 to 24 hours, oue can, based on
the time of kill obtain an indication of when in the cell
cycle a cor.pound may be active.

One would anticipate that many of the cells bearing breaks

or reunion tigures would be eliminated during their first
mitotic division, and as a corollary, that those cells which
survived the first anaphase would primarily bear balanced
lesions. The detection of these lesionsy and hence, a complete
risk evaluation must usually rely on additioenal testing, but
in general a cell bearing configurations such as small dele-
tions or translocations not involving duplication of the
centromere may be perpetuated and, therefore, coastitute a
greater risk to the individual thao simple breaks.

B. Aberrations/Records

All aberration figures detected by this assay result from
breaks in the chromatin which have either failed to repair
or have repaired in atypical combinations. We scored and
recorded on standard forms gaps, breaks, fragments, and
reunion iigures which involved a single chromatid or both
chromatids of a single chromosome. The aumber and type of
aberration for each cell was recorded as was the number of
chromosomes for every cell located and scored. Up to 50
cells were scored on each slide. Depending upon the suitability
of the material, it could have been necessary to prepare
additional slides from the original fixed material. The
location of cells bearing aberrations was identified by the
use of ccordinates on the mechanical stage. A mitotic index
based on at least 500 cells counted was also recorded.
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LANES ULED 1Y EVALUATIAG CYTUOENLT T DAL (it a0
ata lnterpretation

Data were summarized in tabular form and evaluated. Gaps were
not counted as significant aberrations unless they were presat
in a higher than usual frequency. Open breaks wore considered
as indicators of genetic Jumage as were coufigurations resulting

{rom the repair of breaks. The 'atter would include deletions,
translocations, multiradials, riugs, multiceatrivs, cte.  Reunion
figures such as these wcre weighted slightly highev than one hreak

snd mav lead to stable configurations.

The number of aberrations per cell was also considered to be
significant and frequent; cells with more thap one abevration
would be considered to indicate more genctic damage than those
containing evidence of single events. Consistent variations from
the euploid number was also considered in the evaluation of
mutagenic potential.

Frequently, one was unable to locate 50 suitable metaphase spreads
for each animal even after preparing additional material. Pos-
sible causes for this appear to relate to colchicine failure or

to cytotoxic effects which altered the duration of the cell cycle,
killed the cell or caused clumping of the chromosomes. Additional
information can be gained from the mitotic index which also
appeared to reflect cytotoxic effects. The type and extent of this
damage must be evaluated in terms of dose responsc, the ability

to determine anything about the integrity of the chromatin and

the ability of the cell to recover and divide.

Comparison with a concurrent negative control which lacks aber-
rations can suggest statistical significance; therefore, treatment
data were also considered against historical control data. In
either event, the type of sberration, its frequency, and its cor-
relation to dose trends within a given time period, were all
considered in evaluating a compound as being mutagenically
positive or negative.
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Triage of 8(e) Submissions

*

Date sent to triage: 0\6\0\\0 NON-CAP

v

Submission number: ( 2 56; A TSCA inventory: Y N D

Study typé (circle appropriate)‘?
Group 1 - Dick Clements (1 copy total)
ECO AQUATO
Group 2 - Ernie Falke (1 copy total)
ATOX SBTOX SEN w/NEUR
Group 3 - Elizabeth Margosches (1 copy each)

STOX CTOX EPI RTOX

STOX/ONCO CTOX/ONCO IMMUNO CYTO NEUR

-

Other {(FATE, EXPO, MET, etc.):

Notas:

THIS IS THE ORIGINAL 8(e) SUBMISSION; PLEASE REFILE AFTER TRIAGE DATABASE ENTRY

For Contractor Use Only .

entire documem:@ 1 2 pages _ '2

Notes:

~ Contractor reviewer : ( 2 l S Date:
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)
10) / 8EHQ-92-12567: Rank - medium.

Chemical: R-01 (CAS# 64741-79-3).

Mutagenicity evaluation of R-01, Litton Bionetics, 1Inc.,
Kensington MD, dated May 1978: Positive for gene mutations in
Salmonella typhimurium in strains TA98, TA1535, TA1537 and
TA1538 both without (weakly) and with metabolic activation,
weakly positive in TA100 both without and with activation.

Negative for DNA effects (gene conversion) in Saccharomyces
cerevisiae strain D4 both without and with metabolic
activation.

~Weakly positive for gene mutations in L15178Y TK'" mouse
lymphoma gene mutation assay in vitro both without and with
metabolic activation.

Negative for chromosome mutations (aberrations) in rats
exposed in vivo.




